Purpose Pancreatic cancer and its treatments impact patients' symptoms, functioning, and quality of life. Content-valid patient-reported outcome (PRO) instruments are required to assess outcomes in clinical trials. This study aimed to: (a) conceptualise the patient experience of pancreatic cancer; (b) identify relevant PRO instruments; (c) review the content validity of mapped instruments to guide PRO measurement in clinical trials. Methods Qualitative literature and interviews with clinicians and patients were analysed thematically to develop a conceptual model of patient experience. PRO instruments were reviewed against the conceptual model to identify gaps in measurement. Cognitive debriefing explored PRO conceptual relevance and patients' understanding. Results Patients in the USA (N = 24, aged 35-84) and six clinicians (from US and Europe) were interviewed. Pre-diagnosis, pain was the most frequently reported symptom (N = 21). Treatments included surgery, radiation, chemotherapy, and immunotherapy. Surgery was associated with acute pain and gastrointestinal symptoms. Chemotherapy/chemoradiation side effects were cyclical and included fatigue/tiredness (N = 21), appetite loss (N = 15), bowel problems (N = 15), and nausea/vomiting (N = 15). Patients' functioning and well-being were impaired. The literature review identified 49 PRO measures; the EORTC QLQ-C30/PAN26 were used most frequently and mapped with interview concepts. Patients found the EORTC QLQ-C30/ PAN26 to be understandable and relevant; neuropathic side effects were suggested additions. Conclusions This is the first study to develop a conceptual model of patients' experience of metastatic/recurrent pancreatic cancer and explore the content validity of the EORTC QLQ-C30/PAN26 following therapeutic advances. The EORTC QLQ-C30/PAN26 appears conceptually relevant; additional items to assess neuropathic side effects are recommended. A recall period should be stated throughout to standardise responses.
Background
Pancreatic cancer is the fourth or fifth highest cause of cancer-related deaths in most developed countries [1] . At least 80% of patients diagnosed with pancreatic cancer will have locally advanced or metastatic disease, and receive palliative and definitive therapies designed to reduce symptoms, such as back/abdominal pain, jaundice, lack of energy and weight loss [2] . Pancreatic cancer and its treatment have a negative impact on patients' functioning, well-being and other aspects of health related quality of life (HRQoL) [3, 4] .
Patient-reported outcome (PRO) instruments are increasingly important for assessing outcomes in pancreatic cancer care and research [5] directly from the patient perspective and provide important information to evaluate outcomes in clinical trials [6] . However, PRO instruments vary significantly with respect to their development and validation and there are many factors to consider when selecting a PRO instrument including target population characteristics (e.g. tumour location, disease stage), treatment, timing of assessment, clinical setting, study purpose, the research question, and how well the PRO instrument assesses symptoms and impacts that are meaningful to patients. To minimise measurement error, the content validity and psychometric properties of a PRO instrument should be well understood within the population of interest and context of use [7] [8] [9] .
To evaluate content validity, it is important to understand whether the PRO instrument measures concepts that are important to patients [10] .
One method to evaluate this is to perform qualitative exploration with patients. However, there is a paucity of published qualitative studies reporting the lived experience of patients with pancreatic cancer and even fewer studies that report the experience of patients with metastatic/recurrent pancreatic cancer.
This study therefore sought to explore and understand the experience of patients living with metastatic/recurrent pancreatic cancer, to develop a conceptual model to reflect patients' experience, and to evaluate the content validity of selected PRO instruments for assessing patient outcomes.
Methods
This study comprised a qualitative literature review and qualitative interviews with clinicians and patients to develop a disease conceptual model. The PRO instruments most frequently used in pancreatic cancer studies were identified via an additional literature review. The conceptual relevance of the PRO instruments was explored by comparing and contrasting the qualitative findings with the conceptual model. The content validity of the PRO instruments was further explored though cognitive debriefing interviews.
Qualitative literature review
A search was conducted of the Medline, EMBASE, and PsycINFO databases and conference proceedings from the International Society for Pharmacoeconomics and Outcomes Research (ISPOR) and International Society of Quality of Life Research (ISOQOL), to identify published qualitative research describing the patient experience of pancreatic cancer (at any stage of illness).
Electronic literature searches were conducted in July 2014 using pre-defined search terms, e.g. pancreatic cancer AND qualitative interview (full search terms are presented in the Supplementary Information). Articles meeting eligibility that were published in English between 2000 and 2014 were retained for full review to identify recent literature and detect the experiences of patients treated with modern chemotherapy regiments. Due to an expected paucity of formal published qualitative literature, two social media websites (http://commu nity.macmi llan.org.uk and http://www.cance rcomp ass.com) deemed to be reputable sources with relevant content, audience and level of activity, were identified through a targeted, non-systematic search and selected as supplementary sources of information. Social media posts were subject to an insights-driven search and review to identify quotes related to lived experience. Quotes from the literature and social media review were thematically analysed to identify concepts and themes.
PRO instrument search
The PubMed, PROQOLID and PROLabels databases were searched on 10th September 2014 to identify PRO instruments used in pancreatic cancer studies using search terms, e.g. 'patient-reported outcome' AND 'pancreatic cancer') (see Appendices in Supplementary Information). The PRO instruments with highest frequency of use in pancreatic cancer studies were identified for including in cognitive debriefing interviews.
Qualitative clinician interviews
Semi-structured telephone interviews were conducted with clinicians who were experienced in treating pancreatic cancer. A semi-structured interview guide was developed with a particular focus on diagnosis and treatment. Interviews lasted approximately 60 min and were conducted by an experienced qualitative interviewer in December 2014. As the interviews were exploratory to inform the patient interview guide no independent ethics review was sought. However, the standards of Good Clinical Practice were followed; potential participants were provided with written information about the study, and written informed consent was obtained, and data obtained were confidential and anonymised.
Qualitative patient interviews
A study protocol was reviewed and approved by Johns Hopkins Institutional Review Board (IRB) (13-Nov-2015, amendment 29-Feb-2016 ref: J-15139). Clinicians at Johns Hopkins University Hospital recruited eligible patients (Table 1) . Written informed consent was obtained and an honorarium was provided to patients.
Interview procedure
A semi-structured interview guide was developed by experienced qualitative researchers and clinicians, informed by data gathered from the qualitative literature review, social media review and clinician interviews. The guide comprised concept elicitation and cognitive debriefing sections, utilising standard methodology [11] in line with the FDA PRO Guidance [9] .
During concept elicitation, patients were asked openended questions about their pancreatic cancer journey, from diagnosis to treatment, and its impact on their daily lives.
During cognitive debriefing, patients completed a paper and pen version of the PROs using a 'think aloud' technique [11] , to explore their understanding of each instruction, item, response scale/option and recall period. Patients were also asked if any important experiences were missing from the PRO.
In recognition of the debilitating effects of metastatic pancreatic cancer and its treatment, patients could complete the interview in two separate sessions if preferred. Interviews lasted for approximately 90 min and were conducted between December 2015 and November 2016.
Analysis
Interviews were audio-recorded and transcribed verbatim. Concept elicitation data were analysed thematically [12] , facilitated by ATLAS ti.v7. Analysts assigned descriptive codes to sections of text pertaining to common themes. Codes were applied iteratively as new concepts and themes emerged. Data were collated with the qualitative literature review/social media findings and clinician interview data to further refine the conceptual model.
Cognitive debriefing data were analysed using framework coding to assess conceptual relevance, item interpretation, and appropriateness of instructions, response scales/options, and recall period. To evaluate conceptual coverage, items in the PRO were compared and contrasted with the conceptual model.
Conceptual saturation
Determination of an adequate sample size was explored through the principle of conceptual saturation [13] . Published evidence suggests that a sample of 12-15 is usually the minimum sufficient [13, 14] and including a sample size of more than 25 is not deemed beneficial [15] .
To explore saturation, transcripts were divided into three sets of eight based on the chronological order of interview completion. The first mention of each identified concept was reviewed. If no new concepts were identified in the third set of interviews, saturation was deemed to have been attained. 
Results

Qualitative literature review
A total of 5,899 articles were identified and 5886 excluded at first pass following a title/abstract review. Thirteen articles met eligibility criteria for full text review, of which N = 6 articles were retained for data extraction. A PRISMA flow diagram presented in the supplementary Information. From the two social media websites N = 50 relevant blog entries (by patients with pancreatic cancer (N = 42) or their caregivers (N = 8) were extracted for further review.
Qualitative clinician interviews
Six clinicians from the USA (N = 3) and the EU (N = 3) participated; their current roles included medical oncologist (N = 4), radiation oncologist (N = 1) and surgeon (N = 1). All clinicians worked in university hospitals (N = 5) or academic cancer centres (N = 1) and had been involved in diagnosis, treatment and research for between 11 and 30 years.
Qualitative patient interviews
A total of 24 patients were interviewed; sample demographic and clinical characteristics are summarised in Tables 2 and  3 .
Conceptual saturation
Analyses identified 57 concepts, of which 50 arose spontaneously in the first two sets of patient interviews (Supplementary Information). Two concepts arose in the clinician interviews only. Five new concepts arose in the third set of patient interviews but were mentioned by ≤ 2 patients and seemed to be specific to those patients' circumstances. In-depth, rich data were obtained which provided a comprehensive insight into pancreatic cancer experience. It was therefore concluded that saturation was met after N = 24 interviews.
Patient experience of pancreatic cancer
A conceptual model was developed based upon the qualitative literature review and concept elicitation data from patient and clinician interviews ( Fig. 1 ). Patients' experience of pancreatic cancer was represented by pre-diagnosis symptoms, symptoms/side effects experienced during treatment, and the lifestyle and emotional/psychological impacts resulting from diagnosis and treatment.
Pre-diagnosis
Pain was the most frequently reported symptom during discussion of pre-diagnosis experiences, "I had mid-thoracic back pain at night that just wouldn't go away" (01-15). Abdominal pain, back pain and upper gastrointestinal (GI) pain were the most commonly cited locations. Other commonly reported signs/symptoms included yellow skin/ eyes, pruritus and urine colour change.
The literature review highlighted that some patients underestimated their symptoms or attributed them to other health problems [16] . Interviewed clinicians corroborated this and noted that patients may manage pain for months before they seek treatment (Clin-6-US). 
Diagnosis
Clinicians described diagnostic tests including surgical biopsy and/or scans to identify tumour location and disease stage. One clinician (Clin-1-EU) explained that the diagnostic tests he performed were dependent on presenting signs/ symptoms. Diagnosis could be delayed for several weeks to several months due to the "vague" (Clin-3-US) and "nonspecific" (Clin-3-US) nature of symptoms. The initial impact of diagnosis for patients was emotional and psychological. Patients described feeling shocked, sad/ depressed, and overwhelmed which sometimes resulted in denial, "I was scared, I was upset, I said 'this can't happen to me, it happens to everybody else" (01-08). Patients described feeling fearful and uncertain about the type and length of future treatment [17, 18] . Many patients felt worried about the future and the impact on their families. Following this, some described a process of acceptance during which they purposively developed an optimistic mind-set towards 'fighting' or 'beating' their cancer.
Treatment
Surgery, chemotherapy, radiation and immunotherapy were described with each associated with potential symptoms/ side effects. Clinicians made treatment recommendations based on the evidence for treatment efficacy in the context of patient performance status, disease stage and comorbidities.
Surgery
Clinicians described surgical treatment for patients with resectable pancreatic cancer and good performance status for whom surgery "offers a small but real chance of cure." (Clin-3-US).
Clin-1-EU described patients' main concerns prior to surgery; "the anaesthetic, and who is going to do the operation.
[…] Just imagine you're going to have a general anaesthetic and what's going to worry you? […] Waking up."
Pain was the most immediate side effect of surgery reported by clinicians and patients. Patients also had experienced chronic or acute bowel or digestion problems because "the plumbing is a little bit different" (Clin-6-US), as well as reduced appetite and increased fatigue and weight loss, '"It was quite painful, it took a lot out of me. I lost 25lbs in two and a half weeks. […] , I was in good shape but it really pulled the weight off of me in a hurry. I was weak, […] I felt like I'd been hit by a bus" (01-01). Clinicians noted that recovery to full strength may take 6-12 months, and the emotional, psychological and work impacts may be even longer lasting. 
Chemotherapy
Clinicians described that almost all patients were treated with chemotherapy but the time of initiation and the type of chemotherapy drug administered was determined by stage and performance status. Common side effects reported by patients and clinicians included gastrointestinal problems, "I would start with constipation and that would be for a day or two and it was bad. In the end I would switch over to having the gas and the bloating, [and] it would go over to diarrhoea and it would be very acidic diarrhoea so it was uncomfortable." (01-04), nausea, cognitive difficulties, hair loss, and neuropathy, presenting as "cold sensitivity or numb pins and needles in the hands and feet" (Clin-3-US). Patients described side effects/symptoms that were cyclical in relation their treatment cycle. Clinicians confirmed that side effects were mostly 'acute and transient', lasting a few days after each treatment administration.
Radiation
Clinicians described radiotherapy as typically adjunctive to chemotherapy ('chemoradiation') used to reduce the risk of recurrence after surgery, to 'downstage' the disease ahead of surgical intervention, and to alleviate symptoms of late stage, metastatic disease. Common side effects reported by patients included tiredness/exhausted, "I go for the radiation and I come home and go to bed for 28 days [..] It took a lot out of me." (01-12) and lack of appetite, "I didn't want to eat anything at all, I forced myself to eat." (02-26). One clinician reported that radiation skin damage may occur (Clin-4-US) but this was not reported by any interviewed patients.
Immunotherapy
Two clinicians discussed immunotherapy and biologic therapy and noted that there were no immunotherapy or biological drugs currently indicated for non-adjunctive treatment of pancreatic cancer. Clinicians noted that immunotherapy side effects may include lack of energy and tiredness/exhaustion. Only one patient interviewed had received immunotherapy and described a fever, body aches, and nausea, "Afterwards I felt okay, […] I ended up feeling like I had the flu for two days so I was in bed for that […] I was nauseous but not nauseous to the point of throwing up" (01-12). 
Overall impacts
The emotional/psychological impacts of diagnosis could prolong throughout treatment including fear/worry, feeling depressed/down. Patients also described the impact on their physical function, "I was too weak to really go out and have a normal day, I had to be home and close to a couch where I could lie down because of fatigue." (01-09) and 'before all this happened I would run foot races, 5 k, 10 k race, and I was no longer able to do that mainly because I didn't have the energy to do it." (01-24). Patients reduced their social activities and some felt unable to make plans, ' 
PRO review
The PubMed search identified 1030 abstracts which reported PRO use in pancreatic studies. From this and the PRO-QOLID and PROLabels searches, a total of 49 unique PRO instruments were identified that had been used in pancreatic cancer studies, of which 14 were utilised in ≥ two studies and/or were cancer-specific measures (listed in Supplementary Information). The EORTC QLQ-C30/PAN26 module and the FACT-Hep were identified as the two most commonly used PROs in pancreatic cancer studies.
The EORTC QLQ-C30 [19] is a 30-item questionnaire which measures global health, functioning and symptoms. A pancreatic-specific module, the PAN26 [20] included an additional 26 items which measure symptoms/side effects and functional and emotional issues specific to pancreatic cancer.
The FACT-Hep [21] is a 45-item questionnaire developed to assess physical, emotional, functional and social/family well-being in patients with hepatobiliary cancer.
Comparison with the conceptual model identified 26 concepts that were assessed by items in both the EORTC QLQ-C30/PAN26 and FACT-Hep. A total of 25 concepts were unique to the EORTC QLQ-C30/PAN26, and 15 concepts were unique to the FACT-Hep.
Some items unique to the EORTC QLQ-C30/PAN26 assessed proximal, functional or side effect/symptoms concepts (e.g. items 2 and 3, "Do you have any trouble taking a short/long walk? or item 15, "Have you vomited?"), whereas some items unique to the FACT-Hep could be considered to assess more distal impacts (e.g. item GS3, "I get support from my friends," or item GF2, "my work (including work at home) is fulfilling"). Additionally, the EORTC QLQ-C30/PAN26 was specific for pancreatic cancer whereas the FACT-Hep was developed for hepatobiliary cancer. Therefore, the EORTC QLQ-C30/PAN26 was debriefed in patient interviews; findings are summarised in Table 4 .
Conceptual relevance
All items of the EORTC QLQ-C30/PAN26 were deemed relevant by patients and most concepts measured had been identified within concept elicitation and published literature. Pain had been identified frequently and is assessed in six separate items. Other experiences that were important to patients were assessed including fatigue, gastrointestinal problems and dietary changes. Additionally, many emotional/psychological and lifestyle impacts were assessed by items in the EORTC QLQ-C30/PAN26. However, some concepts identified in the interviews and included in the conceptual model were absent from the EORTC QLQ-C30/PAN26. No items were identified which assess neuropathic treatment-related side effects, e.g. burning/tingling sensations in the hands and feet, cold sensitivity and motor problems, "I think neuropathy is a common • Recall applied for Items 1-5 varied, due to absence of a specified recall period • The recall period of the remaining items was easily understood but not always adhered to throughout completion of questionnaire enough side effect of many of the chemos so should be worth putting in there." (01-23). An additional 20 concepts included in the conceptual model were not assessed by items in the EORTC QLQ C30/ PAN26. Hair loss was identified as important but was not directly assessed although the impact of this may be indirectly captured in Item 48 "Have you felt physically less attractive as a result of your disease and treatment?").Three concepts (change in stool colour, change in urine colour, surprise/shock at diagnosis) were specific to the pre-diagnosis/ diagnosis patient experience and are perhaps likely less relevant to patients undergoing treatment. Sixteen other concepts were mentioned by ≤ 5 patients, suggesting that they may be less frequently occurring or of comparatively lesser importance to patients.
Conversely, Item 42 (Did you feel weak in your arms and legs?") was not associated with any concept in the conceptual model. While patients had reported feeling weak, none discussed feeling weak in their arms and legs in particular. However, patients found this item to be relevant when directly questioned about it during cognitive debriefing.
Interpretation and understanding
Overall most items were interpreted consistently by patients. However, some issues were apparent regarding item wording (Table 5 ).
Response scale and options
With the exception of items 29 and 30, all items are scored on a 4-point Likert scale, (1 = 'Not at all' to 4 = 'Very much'). Overall, patients found the response options understandable and appropriate. One patient suggested that a 'middle-ground' option would be beneficial for some questions because there was too great a difference between the second and third options of 'a little bit' and 'quite a bit.' Items 29 and 30 are scored on a 7-point numerical rating scale (NRS) where 1 indicates 'very poor' and 7 indicates 'excellent'. This scale was used appropriately by all participants.
Recall period
Overall, patients understood and used the recall period ("during the past week…") where it was included. However, the first five items of the EORTC QLQ-C30/PAN26 include no clear recall period and, subsequently, the recall period used appeared to vary between patients.
Discussion
This study triangulated data from multiple sources including published literature and qualitative interviews with clinical experts and patients with Stage III/IV pancreatic cancer. To our knowledge, this is the first qualitative study to explore patients' experiences of metastatic pancreatic cancer and its treatments, identify relevant patient-centred outcomes for assessment in clinical trials and evaluate the conceptual relevance and acceptability of selected PRO instruments, in line with industry standards [9, 11] . Although the FACT-Hep is a potentially useful alternative PRO tool for use in pancreatic cancer, the EORTC QLQ-C30/PAN26 alone was evaluated in this study in order to minimise patient burden.
Findings from this research led to the development of a disease conceptual model; to our knowledge, this is the first conceptual model to provide a comprehensive representation of advanced Stage III/IV pancreatic cancer and its treatment. Pain was identified as particularly important to patients living with pancreatic cancer; pain was experienced frequently and affected many aspects of daily life. Although pain was not a consistent for all patients and could be managed; when it did occur, patients reported difficulty sleeping, eating, being unable to travel, drive, and take part in physical activities and hobbies.
Other frequent and bothersome important symptoms/ side effects included significant tiredness, exhaustion and lack of energy. It was difficult to qualitatively distinguish whether this was a progressive symptom of disease and/or a side effect of treatments. The impact of tiredness/fatiguerelated symptoms was considerable; patients were less able to complete daily activities, work and perform hobbies. They also reported impaired physical functioning and had to spend more time in bed or resting as a consequence. In addition, neuropathic treatment-related side effects were common in patients on chemotherapy.
Cognitive debriefing of the EORTC QLQ-C30/PAN26 allowed evaluation of content validity using methodology consistent with the FDA PRO Guidance [9] . No published studies were identified for comparison of these findings. This content validity evaluation identified strong coverage of pain, fatigue, gastrointestinal problems and dietary changes that were identified as important to patients. Overall, the findings of this study indicate that the EORTC QLQ-C30 pain scale and PAN26 pancreatic pain scale are both particularly salient to measure in this population. The EORTC QLQ-C30 fatigue domain may also offer an important score to understand patient performance status.
A key criticism of the EORTC QLQ-C30/PAN26, however, is the lack of any items to assess side effect symptom concepts related to chemotherapy-induced neuropathy. A review of available sources including the QLQ-C30 scoring manual and QLQ-C30 and PAN-26 development papers suggested that these concepts were not originally included and subsequently deleted for any reason (e.g. based on conceptual relevance or psychometric performance). This is unsurprising given that the issues and concepts raised as missing for this patient group on current treatments appear to be related to effects of chemotherapy and immunotherapy. As the PAN26 was developed in 1999, before platinums (folfirinox) and nab-paclitaxel were commonly used for pancreatic cancer, the absence of neuropathy items is understandable. However, to reflect the current treatment pathway and ensure the EORTC QLQ-C30/PAN-26 adequately captures the full patient experience of pancreatic cancer, it is advisable to include a question related to neuropathic symptoms. Such items may be identified from the EORTC item library (http:// www.eortc .be/iteml ibrar y/). Alternatively, researchers could consider use of an additional patient-reported assessment of neuropathy alongside the EORTC QLQ-C3-/PAN26 to improve comprehensive measurement of patient experience.
Beyond conceptual coverage, findings suggested good usability as most items were interpreted consistently across the sample and completed without difficulty. Some items may benefit from altered wording to facilitate more consistent interpretation. The addition of a clear recall period to the first five items of the EORTC QLQ-C30 may improve standardisation of patient responses.
The psychometric performance of the EORTC QLQ-C30/ PAN26 has previously been assessed in a locally advanced/ metastatic pancreatic population. Evidence of internal consistency reliability [22] and criterion validity [23] was reported for the EORTC QLQ-C30; however, no evidence of additional psychometric assessment in a pancreatic Stage III/ IV population was found. With the exception of evidence for internal consistency reliability in pancreatic cancer [24] [25] [26] , gaps remain in our understanding of psychometric performance including test-retest reliability, convergent validity, known-groups validity and ability to detect change. Additionally, if extensive content changes are made, e.g. addition of items, the psychometric properties of the measure should be re-assessed.
Limitations of this study are acknowledged. The understanding of impacts and side effects was limited to the treatment types experienced by the interviewed sample of patients. Consequently, there was limited opportunity to understand the experiences associated with immunotherapy as only one participant had received immunotherapy; understandable given that it is not currently an approved therapy for patients with pancreatic cancer. The conceptual model could be further expanded with the emergence of new therapies and refined for different stages of disease. Furthermore, this was a single site study and therefore could have resulted in a sample with unrepresentative demographics, healthcare experiences and knowledge levels. However, this was somewhat mitigated as the study included patients who had travelled to the site from throughout the USA and so had experienced different care previously. Furthermore, data obtained from clinician interviews and published literature provided additional context.
Conclusions
This qualitative interview study has provided an in-depth understanding of the ways in which pancreatic cancer and its treatment affect patients' lives. The findings of this study support the conceptual relevance of the EORTC QLQ-C30 and PAN26 in a Stage III/IV pancreatic cancer population, although the absence of items to assess neuropathic treatment-related side effects should be considered by researchers and clinicians wishing to comprehensively assess impact on the patient experience. The EORTC QLQ-C30/PAN26 was well understood and completed with ease by the majority of patients, although minor revisions to item wording and addition of a clear recall period to items 1-5 could further improve usability.
Overall, in their current formats our study suggests that the EORTC QLQ-C30 and PAN26 provide a clear assessment of many of the concerns of patients living with locally advanced or metastatic pancreatic cancer.
